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Intermittent Cyanosis 
Years after a  
Mustard Repair
for Dextro-Transposition of the Great Arteries

A 28-year-old woman, who as an infant had undergone the Mustard atrial switch proce-
dure for dextro-transposition of the great arteries, presented with a baffle leak and conse-
quent intermittent cyanosis. In addition, an occlusive thrombus had formed in the systemic 
venous baffle after a failed attempt to remove infected pacemaker leads. Corrective sur-
gery was successful. In addition to the case of our patient, we discuss long-term sequel-
ae of the atrial switch procedure that present challenges in patient care. (Tex Heart Inst J 
2012;39(5):665-7)

D extro-transposition of the great arteries (D-TGA) is a cyanotic congenital 
heart defect wherein the main pulmonary artery and aorta are transposed: 
the pulmonary artery arises from the left ventricle and the aorta arises from 

the right ventricle.1 Consequently, oxygenated blood is restricted to the pulmonary 
circulation, and deoxygenated blood remains in the systemic circulation, resulting in 
2 separate circulations in parallel. Profound cyanosis results unless there is a major 
intracardiac shunt or patent ductus arteriosus. Most D-TGA patients who have sur-
vived to adulthood have undergone an early surgical correction called the atrial switch 
procedure, which was f irst described by Andersen and Senning in 19592 and then 
by Mustard and colleagues in 1964.3 This operation (also called a Senning or Mus-
tard procedure) redirects the systemic venous blood from the venae cavae to the sub-
pulmonic left ventricle through an intra-atrial baffle. Oxygenated blood then returns 
from the pulmonary veins into the systemic right ventricle through a pulmonary ve-
nous baffle. Many atrial-switch patients are now reaching their 3rd or 4th decade of 
life, and sequelae related to this procedure continue to present challenges. We present 
the case of a woman who underwent the Mustard procedure as an infant and present-
ed with intermittent cyanosis as an adult.

Case Report

A 28-year-old woman had undergone a Mustard operation for D-TGA repair at 6 
months of age. Postoperative sinus node dysfunction developed, and an epicardi-
al intra-abdominal pacemaker was implanted. This was later converted to a transve-
nous pacing system. The patient did well throughout childhood and adolescence. At 
age 28, she was admitted to her local hospital because of recurrent infections in the 
subclavicular pacemaker pocket site after a pulse generator replacement. During this 
hospitalization, she was treated for septic shock, respiratory distress, and intermittent 
cyanosis. The pulse generator was thought to be the source of infection, so it was re-
moved. However, an attempt to extract the leads was unsuccessful. In addition, an 
echocardiogram suggested an inferior baffle leak.
 The patient was transferred to the Adult Congenital Heart Disease Program at 
Texas Children’s Hospital. Physical examination showed a heart rate of 63 beats/min, 
a blood pressure of 112/55 mmHg, and a temperature of 97.1 °F. The patient’s pulse 
oximetry reading was 79% on 6 L of oxygen, with frequent desaturation to 40% with 
no apparent precipitating factors. A grade 3/6 systolic ejection murmur was heard 
at the left sternal border, together with an S3 and a right ventricular heave. The pa-
tient was noticeably cyanotic, with blue nail beds but no clubbing. A transesopha-
geal echocardiogram showed a baffle leak in the inferior vena cava graft; in addition, 
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a sessile mass attached to the transvenous ventricular 
pacemaker lead intermittently obstructed the superior 
portion of the systemic venous baffle from entering the 
subpulmonic left ventricle (Fig. 1). Angiography con-
firmed the systemic venous baffle leak into the pulmo-
nary venous baffle (Fig. 2), which created a right-to-left 
intracardiac shunt. Cardiac catheterization revealed an 
oxygen saturation of 60% in the aorta and a calculated 
Q p/Qs ratio of 0.5:1. Superior vena cava (SVC) pres-
sures were elevated at 20 mmHg.
 Blood cultures grew coagulase-negative staphylococ-
cus bacteria, so the patient underwent 6 weeks of treat-
ment with intravenous vancomycin. She was referred 
for surgical repair of the baffle leak and removal of the 
mass on the transvenous ventricular pacemaker lead. A 
bovine pericardial patch was placed in the right later-
al SVC-to-inferior vena cava wall to correct the shunt 
(Fig. 3), the mass was excised, additional epicardial pac-
ing wires were placed, and the transvenous pacing leads 
were removed. The patient was discharged from the 
hospital on postoperative day 6, with atrioventricular 

sequential pacing. She had an oxygen saturation level of 
95% on room air. At her 1-year follow-up examination, 
her oxygen saturation remained acceptable, her pace-
maker function was normal, and she was in New York 
Heart Association functional class II.

Fig. 1  Transesophageal echocardiograms. A) A mass (arrow-
head) obstructs the venous return of the systemic venous baffle 
(arrow). B) Appearance after removal of the mass.

Fig. 2  Coronary angiograms (anteroposterior projection).  
A) Angiogram shows a pigtail catheter in the inferior vena cava 
(arrowhead), return of contrast medium into the inferior portion 
of the systemic venous baffle (iSVB), and leakage of contrast  
medium across the atrial baffle. Arrow shows the linear demar-
cation between the systemic and pulmonary venous baffles.  
B) The superior portion of the systemic venous baffle (sSVB) 
shows near-occlusion (arrowhead) of venous return to the sub-
pulmonic left ventricle (spLV). Double arrow shows the trans-
venous pacemaker lead in the spLV and the abandoned  
epicardial pacemaker wires.
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Discussion

Decades after the atrial switch procedure was intro-
duced, long-term sequelae continue to present challeng-
es in patient care. Superior vena cava obstruction and 
baffle leaks are long-term sequelae that have been pre-
viously reported.4 Together, they account for approxi-
mately 60.2% of all corrective procedures in patients 
who once underwent the atrial switch repair.5,6 Superior 
vena cava obstruction occurs in 5% to 10% of patients 
who have undergone the Mustard procedure, and inter-
vention has been required in approximately 4% of these 
patients.7,8 Atrial baffle leaks occur more frequently than 
SVC complications; however, only 1% to 2% of baffle 
leaks produce symptoms that are significant enough to 
warrant surgical intervention.7,9

 Arrhythmias are very common and increase with 
age after atrial switch procedures. Sinus node dysfunc-
tion (28% at 5 yr and 39% at 10 yr postoperatively)5,10 
can lead to sick sinus syndrome. Intra-atrial reentrant 
tachycardia, atrial tachycardia, or atrioventricular node 
reentry—common arrhythmias in this patient popu-

lation—are often caused by a tachycardia-bradycardia 
syndrome. Studies have shown that atrial flutter and in-
tra-atrial reentrant tachycardia are predisposing markers 
for sudden death,2,11 and 11% to 38% of patients have 
had pacemakers implanted as therapy for these arrhyth-
mias.2,11 As these atrial-switch patients age, sequelae re-
lated to pacemakers (such as infection and thrombus 
formation) necessitate lifelong monitoring. The preva-
lence of device-related infections is as high as 3.2% for 
implantable cardioverter-defibrillators and 19.9% for 
pacemakers in these patients.12 Our patient experienced 
several of the sequelae that can occur in an adult con-
genital heart disease patient with D-TGA who has un-
dergone an atrial switch procedure in childhood.
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Fig. 3  Intraoperative photographs show A) the atrial baffle leaks 
before repair (white arrows) and B) the surgical closure with a 
pericardial patch.
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